INTRODUCTION
Dairy propionibacteria are involved in 8wiss cheese-making as essential ripening starters (Langsrud and Reinbold, 1973a, b) and in several industrial fermentations (production of propionic acid and vitamin Bd. Existing knowledge on the Propionibacterium genome is quite Iimited (Hofherr and Glatz, 1983; Perez Chaia et al, 1988; Rehberger and Glatz, 1990 ) and needs to be extended in order to improve existing industrial strains used in dairy starters.
The genomes of dairy propionibacteria have a G+C content that ranges from 64-68% (Johnson and Cummins, 1972 ) but its size is still unknown. This high G+C content means that restriction enzymes with recognition sequences rich in A and T nucleotides should digest the Propionibacterium chromosome only in a few sites, yielding large fragments that may be separated by pulsed-field gel electrophoresis techniques (PFGE) Lai et al, 1989) . This technique has been used to separate whole chromosomes up to 9 000 kb in size (Chu et al, 1986; Cantor et al, 1988; Smith et al, 1988) . The analysis of restriction fragments has been applied to estimate the size of bacterial chromosomes (Chen et al, 1986; Su and Baseman, 1990) . ln this paper we describe the use of PFGE to determine the genome size of Propionibacterium using chromosomal digestion by restriction endonucleases Xbal (T/CTAGA) and Sspl (AAT/ATI), which as expected, produce large fragments compared to other endonucleases.
MATERIALS AND METHODS

Bacterial strains
The Propionibacterium strains ( (Maniatis et al, 1982) to an aD of 0.4. In order to synchronize replication forks, chloramphenicol (180 Ilg/ml) was added (Ohki and Smith, 1989) , and shaking was continued for 1 h.
Genomic DNA preparation
DNA was embedded in low melting point agarose to prepare DNA insert as described by
McClelland et al (1987) . Ten ml of culture, grown as described previously, were harvested and suspended in 10 ml of TES buffer (Tris-HCI 0.05 molli, Na 2 EDTA 0.010 molli, pH 8.0, 0.5 molli sucrose). Alter centrifugation (5000 g, 10 min) the cells were suspended in 0.5 ml of TE buffer (Tris-HCI 0.05 molli, Na 2 EDTA 0.01 moll l, pH 8.0). Low melting point agarose (1%) (NuSieve) in TE buffer was added to each ce" suspension. A 100-111volume of the cell-agarose mixture was poured into 150-111molds. Each agarose block was washed in TE and incubated at 37 oC for 4 h in a buffer: TE with lysozyme (Afilact France, 20 mg/ml), and 0.05% lauroyl sarcosine. The blocks were washed with TE and suspended in a Iysis solution (0.1 molli EDTA, Tris 0.01 molli pH 8.0 1% SDS, 1 mg/ml proteinase K (Boehringer Mannheim). This was followed by incubation at 50 oC for 24 h. The blocks were washed with TE, suspended in a phenylmethylsulfonylfluoride (PMSf') solution (175 Ilg/ml in TE), and incubated at room temperature for 1 h. The blocks were finally washed 3 times with TE buffer and stored in the buffer at 4 "C,
Genomic DNA digestion and pulsed-field gel electrophoresis
Restriction enzymes were obtained from Boehringer. The agarose blocks were washed extensively with TE. Each plug was incubated at room temperature for 12 h in 500 11\of restriction enzyme buffer. For digestion, each plug was incubated overnight in 200 III of restriction enzyme buffer with 50 U of restriction enzyme. The restricted block couId be stored at 4 oC in 0.5 molli EDTA for a few days.
The pulsed field gel electrophoresis was performed on a Bio-Rad CHEF DRU electrophoresis cell (Lai et al, 1989) . The samples were migrated through 1% (w/v) agarose gels in a 
RESUL TS AND DISCUSSION
A first selection of restriction endonucleases was made using the results obtained from bacteria showing a high G+C DNA. We chose the enzymes NoN and Sfl1 , which recognize 8 base-pair high G+C sequences and which have been successfulIy used to 'determine the size of the E coli K12 chromosome (Smith et al, 1987) .
Sorne enzymes with recognition sequences rich in A+T (Oral, Hpal, Ndel, Sspl, Xbal and Asnl) used to determine the size of the Pseudomonas aeruginosa genome which has a high G+C content were also employed (Hector and Johnson, 1990) . Moreover, the restriction site of Xbal and Sspl containing the stop codon TAG appears very infrequently on the E coli chromosome (Condemine and Smith, 1990 4875 are presented in figure 1; they were similar for the 3 other strains (data not shown). Some enzymes used to determine the size of the Pseudomonas genome (Oral and Asnl) presented none or only a few cut sites in the Propionibacteria genomes. Other enzymes, such as Spel, had more complex patterns which were difficult to analyse. The restriction endonucleases Noti and SfJl produced too many restriction fragments. Digestion of the chromosomal DNA with Xbal and Sspl (fig 1, lanes 9 and 10) seemed to be most suitable for genome size determination, since the resulting pattern was more simple to analyse, the fragments produced were large and the genome was cut into fewer than 20 bands. Figure 2 shows the restriction profiles obtained with Xbal digestion of the chromosome of a representative strain of each species. The patterns obtained with Sspl (data not shown) were similar and constituted 10-16 bands, ranging in size from kb approximately 10-1 000. Lambda concatemers were used as markers and E coli K12 was digested with Noll (Smith et al, 1987) in order to compare the restriction profiles. Band size has been indicated in table 1.
The chromosome molecular size of each Propionibacterium species was determined by averaging the size obtained by Xbal or Sspl digestion of 2 (for P acidipropiontct; or 3 strains of each species. For P acidipropionici Xbal and Sspl consistently gave a genome size of approximately 3 060 kb. For P freudenreichii, these enzymes gave a size of about 2 500 kb. The genorne size of P jensenii was estimated to be 2 410 kb and that of P thoenii to be 2 440 kb. Moreover, the restriction patterns of these different species of Propionibacterium did not resemble one another. In comparison, the genome size of E coli obtained by PFGE analysis was 4 550 kb and that of L lactis ranged from 2 300-2 600 kb (Le Bourgeois et al, 1989 a study which has not been yet published. Unlike the chemical method (Herdrnan, 1985) PFGE provides a direct measurement of the physical length of the DNA. Using PFGE, the fragments produced by Xbaland Sspl were separated and genome size determination was facilitated. This technique will be used to compare strains in our collection as has recently been proposed for lactococci (Tankskanen et al, 1990 ) in order to develop a simple method of identification.
